Abstract: Both flavin derivatives were successfully synthesized and characterized by NMR (nuclear magnetic resonance) and mass spectrometry. A slightly modified method for 10-ethyl flavin was developed. Both HPLC (high performance liquid chromatography) and GC-MS data suggested that all phenols were degraded in the presence of either flavin at micromolar concentrations under direct sun light. A rapid breakdown of the phenols with 35-80% degradation over the course of 2 h was observed. The degradation efficiency was clearly dependent on the phenol type. The rank order for the degradation efficiency over 2 h was 4-chlorophenol and 4-methoxyphenol (~80%) > phenoxyacetic acids (60-65%) > nitrophenol and phenol (~35%).
Introduction


Water pollution is one of the major environmental problems in many developing countries. Pesticides and herbicides are exemplary pollutants at significant concentrations in water, many of which contain phenols. Once they are up taken by human, phenols are metabolized to generate harmful phenoxy radicals and quinone-type molecules that lead to oxidative stress. Photochemical degradation of phenols is a promising method to remove them from an aquatic environment. In this study, we have synthesized two flavin-based photosensitizers and studied their ability to degrade various phenols present in water using HPLC (high performance liquid chromatography) and GC mass spectrometry.
Types of Flavin-Based Photosensitizers and Phenols
In the experiment, the synthetic target products are 10-ethyl flavin and 5-ethyl riboflavin, which are derivatives of riboflavin. There is previous research on the photocatalytic degradation of phenols in waste water by vitamin B 2 and its derivatives. The phenolic pollutants in natural water can be degraded easier and faster by exposing to the natural light. In addition, vitamin B 2 itself is also easy to be decomposed by photooxidation under the intense light [1] . So the experiment principle is to synthesize the specific groups of riboflavin, to see if synthetic riboflavin derivatives could play a similar or better role in this photocatalytic reaction for the degradation of phenols in wastewater.
Vitamin B 2 and Its Derivatives
Vitamin B 2 , also known as riboflavin, the molecular structure as shown in Fig. 1 , is a cofactor of the flavoenzymes in human body. And flavoenzymes plays a critical role in the biological oxidation and reduction for the delivery of hydrogen. As the 1,5 of nitrogen in vitamin B 2 molecule are in the presence of active conjugated double bonds, we determine it can be used as hydrogen donor, also as hydrogen carriers. The biochemical reactions it attends mainly are for transferring iron or providing energy for the reaction of respiratory chain, such as lipid oxidation, aromatic hydroxylation and protein synthesis. Riboflavin as a water soluble vitamin contains a large number of flavoenzymes, which has two derivatives named FAD expounded. 10-ethyl flavin and 5-ethyl riboflavin were finally used for dealing with 6 kinds of phenols mentioned before to compare the respective treatment effect. 10-ethyl flavin is a yellow solid, in a single synthesis experiment, 20 working days were needed to synthesize a mass of 2 g 10-ethyl flavin. The main reagents and organic solvent for this synthetic experiment are respectively shown in Tables 1 and 2 . 10-ethyl flavin organic synthetic experiment study is divided into 5 steps, and the synthetic route, reagents and intermediates are shown in Fig. 3 .
As shown in Fig. 3 , the first step in the multistep synthesis of 10-ethyl flavin is the addition of a triflouroacetyl group to an amine 1 as a protecting group. This prevents diakylation of Compound 1. The alkylation of triflouroacetanilide produced from the previous step to prepare Compound 3 was achieved using ethyl iodide as an alkylating agent. The formation of compound 3 was confirmed by mass spectrometry. The third step in the multistep synthesis of 10-ethyl flavin involved the removal of the protecting group to produce Compound 4, which needs to be purified by brief column chromatography. Once our sample reached the bottom of the column, the flowing sample was collected in 10 mL samples and each tested through TLC (thin layer chromatography) for purity. This was done until the obtained samples showed impurities and then they were combined with the pure orange crystalline solid compound 4. The fourth step involves the reduction of the nitro group in tin(II) chloride and ethanol followed by basifying the reaction mixture with NaOH. Compound 5 is a small liquid oily substance, and we proceed the next step by adding the reagents to the same flask due to its instability. Compound 5 will react with alloxan monohydrate in the presence of acetic acid and boric acid. After about 5 hours of running the reaction, the solvent is evaporated, filtered in hot wate produce 10 spectra and Fig. 4 and F
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Results
The experim anic synthet ds of phenols concluded fr 0 μM phenol, riboflavin), both flavin derivatives were successfully synthesized and characterized by NMR and mass spectrometry. A slightly modified method for 10-ethyl flavin was developed. Both HPLC and GC-MS data suggested that all phenols were degraded in the presence of either flavin at micromolar concentrations under direct sun light. A rapid breakdown of the phenols with 35-80% degradation over the course of 2 h was observed. The degradation efficiency was clearly dependent on the phenol type. The rank order for the degradation efficiency over 2 h was 4-chlorophenol and 4-methoxyphenol (~80%) > phenoxyacetic acids (60-65%) > nitrophenol and phenol (~35%). For calibration curves of phenols established using GC mass spectrometry, our results showed a steady decrease in signals from 1 mM to 200 μM phenol in a linear fashion and then a rapid signal drop from 200 μM. The phenol signals at concentrations below 50 μM became unidentifiable. Therefore, it can be concluded that two kinds of riboflavin synthesis derivatives under natural light have ideal effect on the degradation of para substituted phenolic pollutants in water, and riboflavin is not good due to the photolysis of itself under the light.
